Defining the role of NMDA receptors in anesthesia: are we there yet?
N-methyl-d-aspartate (NMDA) receptors are important in mediating excitatory neurotransmission in the nervous system. They are preferentially inhibited by some general anesthetics and have, therefore, been implied in the mediation of their effects. This review summarizes the main research findings available related to NMDA receptors and their role in anesthesia. The contribution of NMDA receptors to the anesthetized state is discussed separately for each of its components: amnesia, analgesia, unconsciousness and immobility. Anesthetic-induced unconsciousness and immobility have received the most attention in the research community and are the main focus of this review. In the overall perspective, however, studies using pharmacological or electrophysiological approaches have failed to reach definitive conclusions regarding the contribution of NMDA receptors to these anesthetic endpoints. None of the studies have specifically addressed the role of NMDA receptors in the amnestic effect of general anesthetics, and the few available data are (at best) only indirect. NMDA receptor antagonism by general anesthetics may have a preventive anti-hyperalgesic effect. The only and most extensively used genetic tool to examine the role of NMDA receptors in anesthesia is global knockout of the GluN2A subunit of the NMDA receptor. These animals are resistant to many intravenous and inhalational anesthetics, but the interpretation of their phenotype is hindered by the secondary changes occurring in these animals after GluN2A knockout, which are themselves capable of altering anesthetic sensitivity. Generation of more sophisticated conditional knockout models targeting NMDA receptors is required to finally define their role in the mechanisms of anesthesia.